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Description 

System and Method for Brake 
Pre-Charging 

Background of Invention 

[0001] The present invention relates to vehicle braking, and, in 
particular, to a system and method for brake pre- 
charging. 

[0002] Vehicles currently include brake systems that inhibit rota- 
tion of vehicle wheels to decelerate and stop the vehicles. 

[0003] Heretofore, vehicle braking systems have been activated 
by the driver depressing a brake pedal. The onset of a 
driver's intent to begin decelerating a vehicle, however, 
often occurs prior to the driver actually depressing the 
brake pedal. The elapsed time between these two events 
results in delayed warning of intent to following drivers 
via the warning lights and delayed braking of the vehicle 
(initiation delays), and delayed stopping of the vehicle. 

[0004] An additional form of delay (engagement delays) exists in 
the actual energizing of the brake system from a totally 



dormant state to the fully active state. 

[0005] while these types of delays only last a fraction of a sec- 
ond, reducing these delays on this order of magnitude can 
mean significant improvement in stopping distance for 
the braking vehicle, with the actual magnitude dependent 
on the vehicles" initial rate of travel. Stopping distance 
improvement can reduce the kinetic energy of a collision 
thereby potentially improving safety of all involved and 
potentially reducing property damage. 

[0006] id ea | vehicle stop models measure applied pedal force and 
vehicle deceleration against time. A key component in the 
model is the initial delay, defined as the time delay asso- 
ciated with generating brake torque (and hence vehicle 
deceleration) as a consequence of applied pedal force. 
The initial delay can be attributed, in part, to the large 
quantity of brake fluid that must be delivered to the 
calipers, wheel cylinders and chambers through relatively 
narrow brake lines during brake requests. 

[0007] initial delays in braking systems can be quite costly due to 
lost stopping distance. For example, for a typical automo- 
bile traveling at 60MPH, a braking system with an initial 
delay of 100 milliseconds can add approximately nine feet 
to the required stopping distance. 



[0008] The limitations associated with current braking techniques 
have made it apparent that a new technique to minimize 
braking delay time is needed. The new technique should 
predict a target object's position and direction of travel 
with respect to a host vehicle and should also provide a 
deployment decision tailored to the nature and time re- 
quirement of a countermeasure. The present invention is 

directed to these ends. 
Summary of Invention 

[0009] The present invention provides a system and method for 
brake pre-charging. In accordance with one aspect of the 
present invention, a braking system for a vehicle includes 
a wheel coupled to the vehicle, and a brake coupled to the 
wheel. The brake includes a friction component for in- 
hibiting rotation of the wheel. The brake has a first state, 
wherein the friction component is positioned a first dis- 
tance from the wheel and a second state, wherein the fric- 
tion component is positioned a second distance from the 
wheel closer than the first distance. A proximity sensor is 
coupled to the vehicle and sensing an object along a di- 
rection of travel of the vehicle. The proximity sensor gen- 
erates a proximity signal therefrom. A controller receives 
the proximity signal and generates therefrom a threat of 



collision prediction signal. The also controller generates 
signals to move the friction component from the first 
state to the second state in response to a high threat of 
collision determined from the threat of collision prediction 
signal. 

[0010] | n accordance with another aspect of the present inven- 
tion, a method for pre-charging brakes for a vehicle in- 
cludes sensing an object in a near vicinity of the vehicle, 
generating a proximity signal, predicting a threat of colli- 
sion between the object and the vehicle in response to the 
proximity signal, determining whether the threat of colli- 
sion is high, and pre-charging the brakes in response to a 
high threat of collision prediction. 

[0011] The present invention offers an advantage over existing 

art based on its use of proximity information (i.e. range to 
target, range rate to target, etc) when assessing pre- 
charge conditions, rather than relying on an operational 
parameter of the vehicle that is based on the subjective 
nature of the driver's activity/ inactivity. 

[0012] other advantages and features of the present invention 
will become apparent when viewed in light of the detailed 
description of the preferred embodiment when taken in 
conjunction with the attached drawings and appended 



claims. 

Brief Description of Drawings 



[0013] FIGURE 1 is a vehicle braking system in accordance with 

one embodiment of the present invention; 
[0014] FIGURE 2 is a controller for the vehicle braking system of 

FIGURE 1; and 

[0015] FIGURE 3 is a logic flow diagram of a method for brake 

pre-charging in accordance with another embodiment of 

the present invention. 
Detailed Description 

[0016] jhe present invention is illustrated with respect to a vehi- 
cle braking system, particularly suited to the automotive 
field. The present invention is, however, applicable to var- 
ious other uses that may require braking systems, as will 
be understood by one skilled in the art. 

[0017] jhe specific devices and processes illustrated in the at- 
tached drawings, and described in the following specifica- 
tion are exemplary embodiments of the inventive con- 
cepts defined in the appended claims. Hence, specific di- 
mensions and other physical characteristics relating to the 
embodiments disclosed herein are not to be considered as 
limiting, unless the claims expressly state otherwise. 



[0018] | n accordance with one embodiment of the present inven- 
tion, reducing initial braking delay includes reducing the 
distance between the brake friction material and surfaces 
just prior to driver brake actuation. This pre-charging 
methodincreases hydraulic pressure on the wheels based 
on the occurrence of a control signal or pre-charge condi- 
tion. Pre-charging includes having the brake linings ad- 
join the brake disk or brake drum while no appreciable 
deceleration of the vehicle occurs. The following system 
and method are directed to these ends. 

[0019] Referring to FIGURES 1 and 2, a vehicle braking system 

10, in accordance with one embodiment of the present in- 
vention, is illustrated. The vehicle braking system 10 in- 
cludes a vehicle 11 having wheels 12 with brakes 14 cou- 
pled thereto. The vehicle braking system 10 further in- 
cludes a brake pedal 28, calipers 36, a brake fluid line 40, 
a friction component (brake pad 35) and various other 
brake components, a vehicle speed sensor 44, a proximity 
sensor 46, a brake pressure sensor 48, a pre-charge ac- 
tuator (master cylinder 74), a master controller 64, a 
heads up display warning light 68, a warning chime 72, 
and brake lights 52. 

[0020] The sensors, vehicle speed sensor 44, proximity sensor 



46, and brake pressure sensor 48, are coupled to the con- 
troller 64 and are one example of a possible sensor com- 
bination. The brake pedal 28 and the various brake com- 
ponents are coupled together to form a common brake 
system responsive to the controller 64, as will be under- 
stood by one skilled in the art. The heads up display 
warning light 68, warning chime 72, and brake lights 52 
are also coupled to the controller 64 and are responsive to 
pre-charging and braking signals generated therefrom. 
[0021] The vehicle speed sensor 44 senses an operational pa- 
rameter of the vehicle braking system 10. The vehicle 
speed sensor 44 is one example of an operational param- 
eter sensor, and alternate sensors, including yaw, pitch, 
roll sensors, may also be used. The vehicle speed sensor 
44 generates an operational parameter signal, more 
specifically, a vehicle speed signal corresponding to vehi- 
cle speed. Additionally, The operational parameter in the 
present invention is any parameter that can be measured 
that would indicate an intention by the driver of the vehi- 
cle to brake the vehicle or that indicates that braking is 
imminent. 

[0022] The proximity sensor 46 is a forward looking sensor gen- 
erating proximity signals used by the controller 64 to 



generate a threat of collision signal. The proximity sensor 
46 may include radar, lidar, or vision based sensors or any 
combination thereof. These sensors may sense range to 
target object, range rate to target object, and other rela- 
tional parameters. 

[0023] The brake pressure sensor 48 generates a current brake 
pressure signal in response to current brake pressure in, 
for example, the brake line 40. 

[0024] The controller 64 or radar-assisted collision mitigation 
pre-charge system controller (CMPCS) uses proximity in- 
formation from a forward-looking sensor (proximity sen- 
sor 46) in order to calculate the threat of collision (TOC). 
This TOC calculation is used to determine when to deliver 
a pre-charge amount to the brakes 14. 

[0025] The controller 64 (master controller 64) may include a 
general purpose microprocessor-based controller and 
may also include a commercially available off-the-shelf 
controller. The controller 64 preferably includes a proces- 
sor and memory for storing and processing software al- 
gorithms, which process sensed vehicle information, in- 
cluding the vehicle speed signal, the proximity signal, the 
brake pressure signal, and driver braking signals (i.e. the 
driver depresses the brake pedal). 



[0026] The controller 64 responds to the received signals by de- 
termining if the vehicle 11 is approaching another vehicle 
or objectfaster than a certain predetermined rate. If an 
operational parameter of the controller 64 occurred faster 
than the predetermined rate programmed into the con- 
troller 64 (i.e. the threat of collision is high), the controller 
64 signals the friction component (brake pad 35) within 
the brakes 14 to move from the first position to the sec- 
ond position. The controller 64 accomplishes this by gen- 
erating a pre-charge request signal that activates the 
functions of the master cylinder 74. Preferably, the afore- 
mentioned predetermined rate is one that indicates that 
the driver of the vehicle 11 is or should be about to apply 
the brakes, such as during a collision situation. 

[0027] Alternatively, the predetermined measurement may be a 
measurement of the distance from the object to the vehi- 
cle 11 or the rate of change of the distance of the object 
in front of the vehicle 11. If the vehicle in front of the ve- 
hicle braking system 10 is too close or if the vehicle in 
front of the vehicle braking system 10 is relatively ap- 
proaching the vehicle braking system 10 (i.e., moving 
closer to the vehicle braking system 10 because the vehi- 
cle in front of the vehicle 11 is stopped, is stopping faster 



than the vehicle 11, or is moving toward the vehicle 11), 
the brakes 14 move to the second position. 

[0028] | n one embodiment of the present invention, the brakes 
14 further include a third state, wherein the friction com- 
ponent 35 is positioned a third distance from the wheel 
12. The controller 64 moves the friction component 35 
from the first state or the second state to the third state 
as a function of the high threat of collision determined 
from the threat of collision prediction signal and a signal 
indicating that a throttle pedal has been released. This 
movement to this third state is a second-stage pre- 
charging operation. 

[0029] The controller 64 will inhibit the friction component 35 

moving from the first state or the second state to the third 
state only if a failure with throttle actuation cannot be de- 
termined. 

[0030] Movement of the friction component 35 is halted through 
throttle pedal activation or in response to the vehicle near 
a limit of handling point regardless of an estimated threat, 
and movement of the friction component 35 is inhibited in 
response to failure of the vehicle braking system 10, the 
vehicle speed sensor 44 or the proximity sensor 46. 

[0031] in another embodiment, after the brake pad 35 has been 



moved to the second position in response to the con- 
troller pre-charge request signal activating the pre-charge 
actuator 74, the brake pad 35 moves from the second po- 
sition back to the first position if the brake pedal 28 is 
depressed or if threat of collision is minimized (this is 
controlled by the master controller 64 in the present em- 
bodiment). Therefore, the brake pad does not remain in 
the second position if the driver does not have an inten- 
tion of braking the vehicle braking system 10. 

[0032] The design thresholds for the operational parameter and 
the predetermined measurement, including the degree 
and rate of release of the throttle, and the time that the 
friction component (brake pad 35) remains in the second 
position without depression of the brake pedal 28 or 
without substantial crash threat, can be established or 
even customized based on the vehicle manufacturer's de- 
sired brand identity. This identity may include the esti- 
mate and/or prediction of their customer's driving charac- 
teristics and desired reduction in delays before braking, 
the propensity for and degree of false activation, and 
compliance with applicable regulatory requirements. 

[0033] | n response to a threat of collision signal from the con- 
troller 64, a heads up display warning light 68, a warning 



chime 72, brake lights 52 activate. These devices signal 
both the driver of the vehicle 11 and drivers in other vehi- 
cles of the imminent braking condition that has occurred 
and that braking is commencing. 

[0034] The braking system 10 includes brakes 14 for inhibiting 
rotation of the wheels 12. The braking system 10 further 
includes a brake pedal 28 depressing to move the brakes 
14 into engagement with a portion of the wheels 12. 

[0035] The braking system 10 has a dormant state wherein nor- 
mal vehicle braking operations occur. During this dormant 
state, the brake pads 35 are at a first position spaced a 
first distance from the wheels 12. 

[0036] The brake pads 35 move from the first position to a sec- 
ond position spaced a second distance from the wheels 12 
in response to a predetermined measurement of the oper- 
ational parameter, a high threat of condition, and before 
depression of the brake pedal 28, wherein the second po- 
sition is closer to the wheels 12 than the first position. 

[0037] The brake pad 35 (friction component) can be either a 

brake pad 35 in a disc brake system 14, a brake pad on a 
brake shoe in a drum brake system, or an alternate brak- 
ing component designed to slow wheel spinning. Each 
wheel 12 of the illustrated vehicle braking system 10 is 



associated with one brake 14. The braking system 10 also 
includes, for example, a hub 32, a rotor 34, a caliper 36, a 
piston 38 and a brake fluid line 40. 

[0038] with the controller 64, the brakes 14 are closer to or 

slightly engaged with the wheel 12 such that rotation of 
the wheel 12 is not inhibited. However, the brakes 14 en- 
gage the portion of the wheel 12 to slow rotation of the 
wheel 12 faster when the brakes 14 move from the sec- 
ond position than when the friction component (brake pad 
35) moves from the first position, consequently, the con- 
troller 64 reduces the time period needed to adequately 
slow or stop the vehicle braking system 10. 

[0039] The wheel 12 of the vehicle braking system 10 includes 
the hub 32, a tire and the rotor 34. Therefore, the hub 32 
and the rotor 34 rotate with the tire. The caliper 36 strad- 
dles the rotor 34 and a bore 42 in the caliper 32 faces the 
rotor 34. The piston 38 is located in the bore 42 and also 
faces the rotor 34. 

[0040] The brake fluid line 40 is coupled to the bore 42 at a po- 
sition behind the piston 38 and supplies a fluid to the 
bore 42 to force the piston 38 out of the bore 42 towards 
the rotor 34. The brake pad 35 is attached to an end of 
the piston 38 facing the rotor 34 and therefore is config- 



ured for engagement with the rotor 34. The brakes 14 are 
embodied as a floating-caliper disc brake system. There- 
fore, a static brake pad 35 is connected to an arm 46 of 
the caliper 36 opposite the piston 38. When the brake pad 
35 on the piston 38 abuts the rotor 38, the caliper 36 is 
forced over such that the static brake pad 35 abuts a face 
of the rotor 36 opposite the brake pad 35. 

[0041] | n one embodiment of the present invention, a fluid injec- 
tion system is used to supply fluid to the brakes 14 as de- 
scribed above to move the brakes 14 from the first posi- 
tion to the second position in response to the controller 
pre-charge request signal. 

[0042] The small amount of brake fluid that enters the brake line 
40 thereafter enters the bore 42 of the brakes 14 to push 
the piston 38 and the brakes 14 from the first position to 
the second position. The controller 64 directs a motor to 
actuate the piston 38 in response to the predetermined 
measurement of the operational parameter or the threat 
of collision. If the brake pedal 28 has not been depressed 
a certain time after the predetermined measurement of 
the operational parameter, the piston 38 moves backward 
to allow the small amount of fluid to reenter a master 
cylinder reservoir to allow the brakes 14 to move from the 



second position to the first position. 

[0043] Referring to FIGURE 3, a logic flow diagram of a method 

100 for pre-charging a braking system is illustrated. Logic 
starts in operation block 102 where pre-set conditions are 
set up. This includes situating the brake pads 35 at the 
first position spaced the first distance from the rotor 34 
before controller pre-charging is initiated and when the 
brake pedal 28 is not depressed. 

[0044] | n operation block 104, the controller 64 receives proxim- 
ity signals. In operation block 106, controller logic acti- 
vates responsive to the proximity signal. 

[0045] | n operation block 108, once the controller 64 is acti- 
vated, a small amount of fluid is forced from the brake 
fluid line 40 and into the bore 42 in order to move the 
brake pad 35 closer to the rotor 34. The brakes 14 are 
therefore in the second position at the second distance 26 
from the rotor 34, which is closer to the rotor 34 than the 
first position. The second position may place the brake 
pad 35 in engagement with the rotor 34, but the brake 
pad 35 in the second position does not significantly in- 
hibit rotation of the wheel 12. Consequently, the vehicle 
braking system 10 does not significantly slow or deceler- 
ate when the brake pad 35 is in the second position. 



[0046] | n operation block 110, once the driver braking signals 
are received, more fluid is forced behind the piston 38 to 
force the brake pad 35 into significant engagement with 
the rotor 34 such that the vehicle 11 begins to decelerate. 

[0047] The controller 64 reduces the time required to move the 
brakes 14 into engagement with the wheel 12 when the 
brake pedal 28 is depressed because the brakes 14 only 
travels the second distance 26, and not the first distance, 
before the brakes 14 significantly engages the wheel 12. 

[0048] | n operation, the controller 64 monitors proximity infor- 
mation in addition to information such as vehicle speed, 
driver intent and current brake pressure. The controller 64 
does not request pre-charging until information from the 
proximity sensor indicates a possible accident will occur, 
as analyzed by the controller 64. The system 10 suspends 
the pre-charge request when the driver applies the brakes 
or the threat of collision is minimized. 

[0049] The above-described apparatus and method, to one 

skilled in the art, is capable of being adapted for various 
purposes and is not limited to automotive systems. The 
above-described invention may also be varied without de- 
viating from the spirit and scope of the invention as con- 
templated by the following claims. 



